Human cerebrospinal fluid has been reported to contain a relatively small concentration of uric acid compared to that of plasma (cf. Table II) . However, it is not known what proportion of these reported uric acid values is due to chromogenic substances similar to those giving the color reaction for uric acid in plasma (1) . The introduction of enzymatic methods for determining uric acid specifically (2 to 5) has made reexamination of spinal fluid values advisable, particularly with regard to their relation to plasma ultrafiltrates.
SUBJECTS
Cerebrospinal fluids 2 were obtained by lumbar puncture from individuals suspected of neurosyphilis and from others undergoing routine follow-up after antiluetic therapy. Those fluids which were serologically and Pandy negative were combined into 10-ml. pools, each pool representing 5 individuals. Total and urea-cyanide reagents. The concentration of uric acid equivalent to the color developed is termed total rate.
2. Another (2-ml.) aliquot of the specimen is treated with uricase at pH 9.1 to destroy the uric acid present. It is then treated as above, the color developed being termed chromogen.
3. The difference between the values for total urate and for chromogen represents the amount of uric acid destroyed by the specific enzyme and is therefore termed true rate.
The actual size of the aliquots given in the preceding paragraph is that used in plasma determinations; cerebrospinal fluid contains so little urate that it is advisable to use twice or 3 times these amounts.
The nature of the chromogenic substances in plasma and urine which give the color reaction for urate has been discussed recently (1) and will be reviewed more comprehensively in a forthcoming publication (6) . A portion of the chromogen is non-purine in origin, but another portion is due to an incompletely characterized purine metabolite (or metabolites) of endogenous origin. In addition, methylurates from the methylxanthines of dietary origin contribute to the chromogen.
The normal plasma urate values quoted are based upon repeated determinations on 31 normal individuals and are similar to the values obtained by Bulger and Johns (3) with a uricase method.
Plasma for ultrafiltration was obtained from blood drawn in a heparinized syringe and immediately centrifuged; no attempt was made to preserve the normal carbon dioxide content. Ultrafiltrates of plasma were obtained by a modification of the method of Lavietes (7). The membranes used were DuPont No. 600 cellophane, soaked 3 days at 0°before used.8
RESULTS
The results of the urate partition in pooled normal cerebrospinal fluid are given in Table I , together with the average normal concentrations in plasma and the calculated C.S.F./plasma ratios. These data show that normal human cerebrospinal fluid appears to contain, on the average, only 6
The cellophane membranes used in ultrafiltration were made available through the cooperation of E. I. du Pont de Nemours Co. (9) Frada (10) Ingvarsson (11) Katzenellenbogen (12) Cockrill (13) Chauffard, Brodin and Grigaut (14) Pooled clearly cannot be explained on the basis of the Donnan phenomenon. Since the only other clearly established cause for such a discrepancy between spinal fluid and plasma constituents is nondiffusibility, ordinarily due to the binding of a substance to plasma protein, we attempted to determine the degree of protein binding of urate by pressure ultrafiltration through cellophane.
991
Adlersberg, Grishman and Sobotka (17) have reviewed the literature dealing with attempts to demonstrate protein binding of urate. In their own experiments, they found 84 per cent of the plasma total urate ultrafiltrable in normal individuals.
Our experience with ultrafiltration confirms that of Adlersberg and his coworkers. We found 79 per cent of the plasma total urate and 77 per cent of the plasma true urate to be free to ultrafiltration (Table IV) . It is obvious that the quantities of true urate in normal cerebrospinal fluid are much less than those which appear to be free in plasma when cellophane ultrafiltration is used to indicate the degree of plasma binding.
DISCUSSION
The data presented above demonstrate the cerebrospinal fluid true urate concentration to be only 6 per cent of that present in plasma. The question therefore arises by what mechanism such an unequal distribution may be maintained.
Cerebrospinal fluid, it is generally agreed, resembles a modified ultrafiltrate of plasma (8, 18, 19) . It appears to be subject to alterations predicted by the Gibbs-Donnan rule. Various substances are present in relatively small amounts because of plasma binding and, to a lesser extent, because they may circulate in plasma water in a colloidal state (calcium, bilirubin, cholesterol, salicylate). The quantity of magnesium in cerebrospinal fluid is greater than in plasma and the difference is magnified when plasma binding is considered; it has, however, been suggested that magnesium is a brain metabolite. There remain differences in potassium, glucose, and phosphate partition which cannot be well explained at present.
When true uric acid is considered, there appears to be little resemblance between cerebrospinal fluid and plasma ultrafiltrates. .The ultrafiltrate contains 77 per cent of the uric acid concentration of plasma, while the cerebrospinal fluid contains only %o as much urate as the ultrafiltrate.
Three possibilities have been suggested to explain the peculiarity in urate distribution; they will be briefly listed without extended discussion. The first is that true uric acid enters the cerebrospinal fluid in somewhat greater concentration and is converted to substances not fermentable by uricase. Since a small series of determinations of urate partition in ventricular fluid show no differences from fluid obtained by lumbar puncture, this appears not to be tenable.
The second possibility is that the modified ultrafiltration theory of cerebrospinal fluid formation does not apply to true uric acid. Reiche's (9) demonstration of parallelism between blood and spinal fluid urate concentrations makes this appear improbable.
The third possibility is that ultrafiltration through cellophane does not truly reflect the diffusibility of urate through biological membranes.
Such behavior is observed in the case of p-aminohippuric acid which shows much greater binding in clearance studies than in ultrafiltration studies (20) . From electrophoretic experiments, Bennhold (21) concluded that uric acid is bound to plasma albumin by a linkage highly labile to pressure and that the degree of plasma binding was much greater than could be shown by ultrafiltration. Although it is not clear that non-diffusibility is entirely due to binding to plasma protein, evidence obtained from a study of renal and other biological functions (6, 22) suggests that the true urate content of the cerebrospinal fluid may be essentially equal to the plasma-free true urate.
SUMMARY
The concentration of true uric acid in normal human cerebrospinal fluid has been determined enzymatically. Substances giving the arsenophosphotungstate color reaction for urate are present *in considerable amount, but true urate forms only 40 per cent of these substances. The concentration of true urate in normal spinal fluids averages 6 per cent of that in normal plasma.
Approximately 77 per cent of the plasma true urate is ultrafiltrable through a cellophane membrane under pressure, but spinal fluid contains only 'Ao the true urate which is found in a plasma ultrafiltrate.
The various possible explanations of these findings are briefly considered.
